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(54) TiUe: RAPID PROCESS FOR ARRAYING AND SYNTHESIZING BEAD-BASED CX)MBINATORrAL LIBRARIES 
(57) Abstract 

A mixture of beads of unifomi size is deposited in an array by 
establishing discrete alignment areas each consisting of a droplet oif 
adhesive or small area of continuous adhesive layer exposed through an 
aperture in a mask. Beads which are trapped by the attachment areas are 
released by either a solvent on a vacuum manifold, or by evaporation of 
the adhesive, preferably by means of a vacuum centriftige. The beads 
are released into capOlaries. in which cleavage of attached compounds, 
or synthesis of new compounds, can be carried out An apparams used 
for carrying out the invention is shown in ttie figure, which comprises 
a mask (10) with side walls, an adhesive-coated film (12). a capillary 
array (16). a gasket (17), and a chemically resistant well plate (18). 
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RAPID PROCESS FOR ARRAYING AND SYNTHESIZING 
BEAD'BASED COMBINATORIAL LIBRARIES 

5 Field of the Invention 

This invention relates generally to the handling of bead-based combinatoriaJ libraries, and 
more particularly to an improved process and apparatus for depositing beads in t\M>dimensionaJ 
arrays. This invention also relates to an improved means of synthesizing combinatorial libraries in 
an array fonnat, 

10 

Backeround Of The Invention 

Synthesis of combinatorial compound libraries on bead supports is a wcil-cstablishcd 
method for generating chemical diversity for screening against targets of pharmacolc^cal 
relevance Such libraries may be synthesized as bulk populations or discrete sublibranes with or 

15 without idcnuficr tags for dcconvolution. In most cases each bead carries a single unique 

compound arxi is present in a mi?aure of beads containing odicr compounds. To test the beads for 
acdvia- against a pharmacological target, it is desirable to separate the beads so that each bead 
may be individually assayed against one or more targets. The beads can>mg active compounds 
can be identified and the structure of the compound elucidated. It is also desirable to separate the 

20 beads into arrays that arc geometrically compatible with robotic screening systems, for example 1 2 
X 8 arrays or other formats such as 384 or l,536-\vcll corifigurations An altemaiiye approach to 
the SN-nthesis and evaluation of bead-based libraries is to array the beads prior to svtiihcsis of the 
librar\' components. This approach has the advantage that the s\iithetic historv of each component 
is known from its position in the array, but has the disadvantage that the sNUthesis process itself is 

25 less facile, particularly for large libraries. A process and apparatus that can be used for either 
approach would represent a substantial improvement over current pracuce. 

Current methods of bead arraying include manual picking and hydrodynamic sorting, in 
which beads are allowed to flow though an aperture and once detected are deposited into assay 
wells. Manual picking is e>aremcly slow and tedious. Hydrod>'namic methods son in scnai mode 

30 and are therefore slow and prone to clogging. Further, buoyancy vanations vni thin the bead library 
are known to cause problems. Therefore there is a need for a simple, rapid method for bead 
arraying which reliably delivers single beads, or a predetermined desued number of beads to each 
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point in the array, uiuch is not affected by the presence of compound on the beads, and which can 
be configured to suit am' desirable format. 

Based on the foregoing, it can be seen that there is a pressing need in \hc art for 
improvements in bead arraying equipment and methods. TTic principal object of this invention, 
therefore, is to provide an improved method for arrayuig beads, whether or not they have 
compounds attached to ihem. Another object of the invention is to provide an improved method for 
dcUvcn- of beads to a desired geometric array. It is also an objca of the mvention to provide an 
improved apparatus for bead arraying which is inexpensive, easy to use and independent of the 
presence and idenrit\' of compounds on the beads. It is a further objca of this invention to provide 
an improved apparams for synthesis of bead-based combinatorial libraries in array format, such 
apparanjs being compatible with the manipulation of beads diat already have compounds attached. 

Surrunarv Of The Invention 

in accordance with the invention, the arrayuig of beads for bead-based combinatonal 
libranes is carried out by establishing a bcad-receivmg surface comprising cnvo components: a 
- panem of discrete bead attachment areas, each capable of holdup a limited number of beads of 
uniform size: and an area, from which beads are free to separate, spacing the discrete bead 
attachment areas from one another. The limited number of beads wiiich each bead attachment area 
IS capable of holding can be one or more than one, and is preferably the same as that for every 
other bead attachment area in the panem. A mixnire of beads of uniform sue is placed onto the 
bead-receiving surface. ar.d, preferably by agitating the bead mix-mre, a predetermined number of 
beads from the mixmre is caused to attach to each of the discrete bead attachment areas. Beads 
not attached to the discrete bead attachment areas are removed. Then the attached beads, which 
are in a pattern corresponding to the pattern of the bead attachment areas arc released and 
deposited into an array. 

In one embodiment of the invention, each discrete bead attachment area is a portion of a 
contmuous adhesive layer exposed through an aperture in a mask The area from which the beads 
are free to separate is a surface of the mask. In another embodimem. the step of establishing a 
bead-receiving surface is earned out by applying minute adhesive droplets to a substrate in a 
pattern. 

The step of releasing the attached beads is preferably preceded by the step of aligning the 
attached beads with receptacles in an array corresponding to the pattern of bead attachment areas. 
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and ihc dqxjsiiing step is carried out by depositing the beads into the receptacles with which lhe\ 
arc aligned. 

Where a porous substrate is used, and the bead attachment areas arc areas of adhesive on 
the substrate, the attached beads can be released by washing the substrate with a solvent and 
5 thereby dissolving the bead attachment areas. 

In the case of beads having attached compounds representing a combinatorial librar\', ihe 
depositing step is preferably followed by the step of cleaving a compound from each bead by 
means of a reagent, while the beads renuin in the receptacles. The receptacles arc preferably in the 
form of glass capillaries arranged so that they can be simultaneously immersed into reagents in the 

1 0 wells of a well plate after the depositing step is carried out. Compounds can be cleaved from the 
beads by the reagents in the wells while the beads remain in the capillaries, and the cleaved 
compounds can then be tested for pharmaceutical activity. 

SNTithesis of chetnical compouruls on bead arrays can be carried out usmg a similar 
procedure The process for synthesis of pre-anayed libraries according to the invention is earned 

15 out by arraying blank beads mid capillaries. The capillaries containing the beads arc dipped uito 
muliiwell containers, each well containing a different chemical reagent. Compounds are assembled 
on the beads by successive transfer of the capillary array into appropnatc reagent plates Once 
complete, the compounds are released from the beads by transfer of the capiliar> array into a 
receptacle containing cleavage reagents. 

20 A synthesizing process in accordance with the invention com.prises the steps of 

establishing a bead-receiving surface comprising a panem of discrete bead attachment areas, each 
capable of holding a limited number of beads of uniform size, and an area. fiDm which beads arc 
free to separate, spacing the discrete bead attachment areas from one another. Here also, the 
limited number of beads for each bead attachment area is preferably the same as that for ever> 

25 other bead attachment area in the panem. A mixnjre of beads of unifomi size is placed onto the 
bead-receiving surface, and a predetennined number of beads from the mixture is caused to attach 
to each of the discrete bead attachment areas. Unattached beads are removed, and the attached 
beads arc aligned with capillaries in an array of capillaries corresponding to the pattern of bead 
attachment areas. The attached beads are then released and deposited into the array of capillaries. 

30 The capillaries of the array are introduced simultaneously into wells contauunc reagents for desired 
synthetic steps, and syntheses arc carried out on the beads while the beads remam in the capillaries. 
The s}'ntfaesis may be followed by washing the beads in the capillaries to remove unbound 
reagents, and cleaving synthesized compounds. 
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Another feature of the invention resides in the structure of the apparatus used in the case 
in \vhich the bead attachment areas aie portions of a continuous adhesive layer. The apparatus 
comprises a mask and substrate. The mask is preferably the floor of a tray and has paralle] first 
and second feces and an array of apertures, each aperture extending from Ac first fecc to the 
second fece. The apertures are of uniform size such that the number of beads that can be located 
abreast in each apcmire is limited to a prpdctcimined number. At least in the case in which each 
apenurc is intended to receive only one bead, the apertures arc preferably circular. The substrate is 
preferably a porous sheet of nitrocellulose removable from the mask, and has a face with a layer of 
adhesive, preferably ethylene glycol, situated against the second face of the mask and covering 
openings of the apertures in the second face. TTius. a prcdeiemuncd number of beads, at each 
apemire. can be deposited onto, and adhere to. the adhesive layer. Means arc preferably provided 
for holding the mask in a fixed relationship with an array of rcceptaclts. so that beads deposited 
through the apertures of the mask onto the adhesive layer of the substrate can be readily aligned 
uith the receptacles. 

Various other objects, details and advantages of the invention will be apparent from the 
following dctaikxi description, when read in conjunaion with the drawings 



Brief Descnption of the Drawings 

FIG. I is an exploded perspective view illustrating a first embodiment of the mvcntion. 
FIG. 2 is a fi3gmentar>' sectional view of an assembly consisting of a mask and adhesive- 
coated film, illustratirtg a step in the arraving process: 

FIG. 3 is a fragmentary sectional view of an assembly consisting of the adhesive-coated 
film with beads adhering to the adhesive layer, illustrating a further step in the arraying process: 
FIG. 4 is a fragmentary sectional view of an assembly consisting of the film and an array 
25 of capillary tubes used as receptacles for. beads released from the adhesive layer on the film, 
illustrating a fiirther step in the arraying process; 

FIG. 5 is a fragmentary sectional view showing capillan.- tubes insened into w^lls in a sv«ll 
plaic for cleaving of the compounds earned by the beads; 

FIG. 6 is an exploded perspective view illustrating an alternative embodiment of the 
30 invention; 

FIG. 7 is a fragmentary sectional view illustrating the deposition of a microscopic 
adhesive droplet opto a substrate in accordance with stUl another alternative embodiment of the 
invention; 
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FIG. 8 is a fragmentary sectional view showing a quantitv* of beads on the substrate^ some 
of the beads being in concaa with the deposited adhesive droplets: 

FIG. 9 is a fragmentary sectional view of the same substrate, after the removal of excess 

beads; 

5 FIG. 1 0 is an exploded view showing an assembly for depositing the beads from the 

substrate of FIG. 9 into an array of capillaries, and for immersing the beads, in the capillaries, in 
reagent-containing wxJis; 

FIG. 1 1 is a fragmentary seaional view showing the capillary array of FIG. 10 in a 
vacuum centrifuge, used to release beads from the substrate into the capillaries: 
10 FIG. 1 2 is another fragmentary sectional view, showing capillaries, containing beads, 

immersed in reagent-containing wells: 

FIG. 1 3 is a pcrspeaivc view showing an ahemative form of mask: and 
FIG. 1 4 is a perspective view showing the underside of the mask of FIG. 13. 

15 Detailed Description 

FIG. 1 shows the several components needed to carry out the arraying process in 
accordance with a first cmboduncni of the invention. These components include a mask 1 0 with 
side walls, an adhesive-coated film 12. a capillar>' array 16, a gasket 1 7, and a chemically 
resistant well plate 18. 

20 The mask 10 is a rigid element, preferably made from stainless steel so that it is 

chemicaJh' inert and can be elearically grounded to avoid the accumulation of a staiic elccincai 
charge which could have an attractive or repulsive effect on the beads. The mask is preferably in 
the fomi of a tray having a floor 20 and side walls 22, 24, 26 and 28 extending above the upper 
surface of the floor 20. The fkwr of the tray is provided with an array of circular, cylindrical 

25 apertures 30, extending from the top face (the inside of the tray) to the boaom face (the underside 
of the tray). In the dlustrated mask, ninety six such apertures arc provided, in a regular pattern 
having twelve columns and eight rows. This panem corresponds to the pattern of a conventional, 
ninety SLK well, microtiier plate The centers of adjacent apertures arc spaced from each other by 
the same distance by which the centers of adjacent wells arc spaced from each other, typically 0 9 

30 cm. Other patterns of apertures can be used. For example 384 apertures can be arranged in a 16 .\ 
24 array, 864 zipcrtures can be arranged in a 24 x 36 array, and L536 apertures can be arranged in 
a32x48arTav. 
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The beads in a given mixnire to be ana>td should be substantially unifom in size, 
preferably wthin a range of ± 20% of a nominal bead dianuaer. The apenurcs arc prefeiabK- 
drcular. and of uniform size. TlKir diameter depends on the size ofthc beads to be arrayed. In 
Oder for the anaying apparatus to deposit single beads properK-. the diameters of die apertures 
5 should be in the range of approximately 1 . 1 to 1 .9 bead diameters. Noticeably unproved results 
can be achieved when the diameters of the apemjres are in the rai^e of 1.25 to I 75 bead 
diameters. Optimization of the aperture size, cross-sectional geometry and array geometry may be 
carried out empiricaily with the objccnve of achieving reliable deposition of a single bead at each 
array point. For most applications, the optimum aperture diameter is appro.\imatcly 1 .3 bead 
10 diameters. 

To ensure diat a bead enters each aperture in the mask reliably, it is important that the 
apertures be flush with the top face of the mask. Other^vise. burrs and odier irregularities 
extending upwardly from the top face may interfere widj the movement of the beads into one or 
more of the apemires. When fabricating a mask for arraymg single beads, it is also important to 
machine the holes in such a way as to make sure that the openings of the apemires are regular 
circles. When fabricating a mask for multiple beads, the apertures can be of various shapes other 
than circular, for example oval. The openings ofthc apertures at the underside of the mask shouW 
also be flush with the bottom face and regular so that no buns or other irrcgulantics interfere wth 
the application of the adhesive layer to the underside of the mask, or widi the injtial atUehmcnt of 
the beads to the adhesive lawr. The apertures, which are typically 350 pm (0.350 mm) in 
diameter for a 270 nm bead size, can be formed by precision drilling, or by any of various known 
micro-machining techniques, including laser drilling, etching, etc. 

The adhesive-coated film 12 is applied to the underside of the mask ui such a way that 
tight contact is made widi the bottom surface of the mask and wih the perimeter ofthc bonom 
opening of each aperture. A preferred material for the film is nitrocellulose, which has the 
advantage that it is porous, so that a solvent for dislodging the beads from die adhesive la> er will 
pass through it readily. The film may be either rigid or flexible The film 12 may be mechanically 
clamped to die underside of die mask by a frame 14 havuig a rectangular central opening 32 The 
frame is provided with guide holes 34. which extend mto bosses 36 projeaing from the underside 
of the frame. The guide holes receive pins 38. which are affixed to the underside of the mask. The 
guide holes and pins ensure that, when die film is removed from the mask, it can be positioned in 
relation to the capillary array 1 6 so diat the beads adhering to the adhesive h\er on die film arc 
aligned with die openings of die capillaries. In the case of a rigid film, die frame can be 
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ciiminatecL and the comers of the rigid fiim can be provided with guide holes to facilitate alignment 
of the film with the capillary array. In another alternative embodiment which will be described 
with reference to FIG. 6, the mask and the adhesive layer remain attached to each other, and the 
sidewalls of the mask fit tighdy over the sides of the capillary array so that the apertures in the 
5 mask are accurately aligned with the upper ends of the capillaries. 

The upper side of the adhesive-coated film \2, as seen in FIG. 1 , is coated with a suitable 
adhesive to present a stick\' surface to which the beads may attach. The adhesive should be readily 
soluble in a bead-compatible solvent and easy to remove from the beads. In the case of a 
pol>'styTcne bead and a nitrocelluk)se film, ethylene glycol has been found to be a suitable adhesive 

10 because it can be removed readily by washing with methanol and both ethylene glycol and 
methanol are compatible with analytical procedures using mass spectrometry. 

The adhesive must be exposed on the side of the film to which the beads are to attach 
Howr/cr. the adhesive layer need npt be a discrete layer. For example, in the case of ethylene 
glycol on a porous nitrocellulose film, the nitrocellulose film should be muumally saturated with 

1 5 ethylene glycol. That is, the ethylene glycol can be made to pcnneate the entire film by soaking the 
film and thereafter removing excess ethylene glycol by pressing the film against absorbent surfiaces 
or allowing the excess to flow off the film or evaporate or by using centrifugation 

The capillar)- array 1 6 compnscs a set of glass capillaries 40 fixed in a PTFE supporting 
block 42. Optionally, the tops of the capillaries may be flared and the capillaries may be 

20 removably sealed in the block 42. The capillaries are disposed in an array of rows and columns 
corresponding to the apertures in the mask. They have openings 44 in the upper surface of the 
block 42. These openings arc large enough to allow beads to enter the capillaries. Openings are 
also provided at the lower ends of the capillanes, but the operungs at the lower ends aru small 
enough that the beads cannot pass through them. The lower portions of the capillaries project 

25 dowmvard from the underside of block 42. Guide pins 45 extciKl upwardly from the comers of the 
block. 

The well plate 1 8 is a conventional well plate of PTFE or other suitable chemically 
resistant material with an array of wells 46 corresponding to the arrays of openings in the mask 
and capillanes. The wells are capable of receiving the lower portions of the capillanes 
30 Preferably, the capillaries extend below block 42 bythe bottoms of the wells when block 42 rests on 
topofihc well plate 18. 

To array the bead library, the mask 10 and the fiame 14 with the adhesive-coated film are 
assembled as shown in FIG. 2, with alignment pins 38 on the underside of the mask inserted into 
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the guide holes in bosses 36. Diy beads 48 arc poured onto the top face of the floor 20 of the 
nusk. The assembly consisting of the mask, the frame and the adhesive<oatcd film is then 
agitatcdgcndysothatihcbcadscovertlieentirBtopsurfkceoflhemaskfl^^^ Beads wll faU into 
the apcmires 30 of the mask. For axample. beads 50. 52 and 54 in FIG. 2 arc shoNvn in apertures 
5 30. Since the diameter of the apertures is less than twice the diameter of the beads, only one bead 
can fit into each aperture; it is not possible for nvo or more beads to fit abreast of one another m a 
given aperture. 

The beads that fall into the apertures of the mask contact an adhesive laver 56 on film 1 2. 
When the beads contact the adhesive, they become entrapped. The mask ensures that only one 
0 bead can contact the adhesive in each aperture. 

With the adhesivcKToated film 1 2 still attached to the mask, the mask is inveneA and 
excess beads are poured off. Any beads not in the apertures, but tcndmg to rcmam attached to the 
mask are removed by gently tapping the mask. 

The frame 14. along with the adhesive-coated film and the beads adhering to it, is 
detached from the mask, inverted as shown m FIG. 3, and attached to the capillary suppomng 
block 42 as shown in HG. 4. with pins 45 of the capillary block fitting into the holes 34 to ensure 
alignment of the attached beads with the capillaries. . 

A solvent, for example a mi.xturc consisting of 50% methanol and 50% ^vacc^. is applied 
to the upper surface of the film 12. The solvent passes through the pores of the film and dissolves 
the adhesive. thcrcb> releasing the beads into the capillaries as shown in FIG 4 The beads remain 
in the capillaries because the bottom openings 58 of the capillaries are smaller than the beads 
Optionally the release process may be aided by centrifbgation of the entire assembly 

Cicavuig of the compounds of mtenst from the beads is carried out b>' placing the 
capillary block onto the well plate so that the capiUaries enter the wells as sho\vn in FIG. 5. The 
gasket built into the capillary block provides a seal. Each well 46 contains a cleavage reagent for 
example an acid cleavage reagent such as trifluoroacetic acid or a base cleavage reagent such as 
tnethylaminc or hydrazine. Solvents such as methylene chlonde or methanol may be included to 
cause the beads to swtll thereby opening the pores of the beads. These additives also serve to 
dissolve the compounds that arc released by the cleavage reagent. Dimethyl sulfide may also be 
included as a carbocatioo scavenger to prevent reattachment of compounds to the beads. To retard 
evaporation of the cleavage reagent, a chemic^ly resistant gasket and glass plate (not shown in 
FIG. 5) may be placed over the upper ends of the capillaries. " ^ 
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The liquid in the 46 passes through the openings 58 at the Iw-cr ends of the 
capillaries and comes into contact uiih the beads. After a time, the compounds cleaved from the 
beads difiiise into the liquid in the wlls. The capillary block can then be removed so that testing 
can be carried out on the compounds in the wells. 

5 The reason for the use of the capillaries is that when the beads remain m prolonged 

contact with the cleavage reagent the cleaved compounds have a tendency to reattach themselves to 
the beads. The capillaries make it possible to remove the beads from the cleavage reagent and 
therebv prevent rcanachment. In cases where the compounds can be tested while attached to the 
beads, or where reattachment can be avoided by other techniques, the beads can be released from 

10 the adhesive-coated film directly into wells in a w«ll plate. 

The capillaries provide the further option of using the apparatus for compound s\nthesis. 
Synthesis can be carried out by arraying blank beads, or beads carrying a common precursor 
compound, into capillaries using the method described above. The reagents for the synthesis arc 
dispensed uito a sencs of multi-well plates, preferably by a robotic dispenser. Compounds arc 

1 5 assembled by introducing the capillarx' array containing the beads into the reagent plates. 
Optionally, the reagent plates can be: heated or cooled to control reaction temperature. The 
capillaries may be sealed at the top to prevent evaporation by clampmg a chemically resistant plate 
over the top of the array. Optionally, the plate may be provided with a gas port to introduce cidier 
gaseous reagents or an inert atmosphere to the beads via the capillaries. Reagent plates ma> 

20 optionallv be sealed vAth a chemically resistant membrane which can be punctured by the 

capillaries during'placement of the capillar>' array over the plate. Successive reaction steps arc 
accomplished bv transferring the capillary array from one reagent plate to another ^vith optional 
intervening wash steps. 

In the embodiment shown in FIG. 6, for arraying and subsequent cleavage of beads, a 

25 mask 60 comprises a floor 62 with an array of apertures 64. Sidcwalls 66 extend both upwardly 
and doivnwardly from the floor 62. The upwardly extending parts of the sidewalls, together with 
the floor 62, form a tray to receive a sheet 68 of porous mtroccllulose film, which is coated with an 
adhesive, for example ethylene glycol. This tray also serves to hold a solvent for dissolving the 
adhesive The downwardly extending parts of the sidewalls also cooperate \vnih the floor of the 

30 mask to form a tray for holding beads. These same downwardly extending pans of the sidewalls 
form a recess receiving the upper portion 70 of a well plate 72. This recess confomis to portion 70 
of Uk wtll plate and ensures that the apertures 64 of the mask arc aligned with the wells 74. 
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In arraxing beads using the apparatus of FIG. 6, the sheet 68 of adhesive-coated film is 
placed on the upper surface of the mask so that the adhesive is in contact with the upper surface. 
The mask is then inverted and beads are placed onto the mask. By agitation of the beads and/or the 
mask, beads are caused to enter the apertures and come into contact with the adhesive taw. TTic 
mask is then inverted once again and excess beads arc removed. After the excess beads are 
removed the mask is fitted onto the well plate, and a solvent, such as a mixnire consisting of 50% 
methanol and 50% xvatcr. is poured onto the film in the upper part of the mask The solvent passes 
through the pores of the film and dissolves the adhesive, thereby releasing the beads into the wells 
74. To expedite the passage of the solvent through the porous film, the assembly consisting of the 
mask 60, the sheet 68 and the well plate may be placed on a vacuum manifold or in a centriftige. 
The beads are released into the wcUs of the well plate and cleavage of the compounds carried by 
the beads, and subsequent testing steps may be canied out m the wells. 

In an alternative embodiment (not illustrated), the mask 60 can be used in conjuncuon 
with a capillary block of the kind illustrated in FIGs. 4 and 5. In this embodiment, the dovvTiwardly 
extending walls of the mask also serve to align the mask with the capillary block 

In experiments earned out to determine the cfFcctivcness of the abovc-descnbed process. 
polyst\Tenc beads havwg a diameter of 270 pm were arrayed usmg a 96 aperture, stainless steel 
mask having apertures with a diameter of 350 ^im. Beads were reliably received in all of the 
apertures. When the adhesive-coated film was removed 94 of the array points had a single bead 
one had t\\x> beads and one had no beads. 

As mentioned previously, instead of using an apertured mask to establish a panem of 
adhesive bead-attachment areas, it is possible lo achieve the same objective b> applying mdjwdual 
droplets of adhesive to a substrate by usmg, for example, a dispenser of the t\pe used in ink-jei 
printing. 

As shown in FIG. 7. in which a stainless steel tray 76 serves as a substrate, droplets 78 of 
an adhesive such as ethylene glycol are deposited in a predetermined pattern by means of a 
piezoelectric dispenser 80. The dispenser 80 is movable in two dimensions in a plane above the 
surface of tray 76 by a conventional x-y plotter drive or similar mechanism. The dispenser head ts 
a head of the kmd used m mk jct printmg, and although not shown in detail, it t>pically comprises 
a glass capillary tube having a bonded ceramic collar. When a voltage is applied to the ceramic 
collar, the collar contracts, expelling extremely small droplets from the glass capillary. Droplets 
as small as 0.2 nanolitcrs have been dispensed reliably. For the purpose of this invention: a c>pical 
adhesive droplet of about one nanoliier is generally adequate to capUirc an individual bead. 
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After the pattern of adhesive droplctf is establishod on the sur&ce of tray 76, a quantity* of 
beads 82 is placed onto the sur&ce of the tray, as shown in FIG 8. The beads are agitated either 
by movement of the tray, or by other means, for example a stream of air. The agitation ensures 
that each adhesive droplet has attached to it a single bead or, if the droplet is larger a 
5 predeicmiincd number of beads greater than one. As shown in FIG. 8, beads 84. 86, 88 and 90 arc 
attached to droplets 92, 94, 96 and 98 respectively. The sidewall 100 of the tray retains the beads. 

After the beads arc agitated and each adhesive droplet has the desired number of beads 
attached to it. the tray is inverted as shown m FIG. 9. and the excess beads are poured oft leavuig 
only the attached beads in a pattern corresponding to the pattern in which the adhesive droplets 
10 were laid out. 

As shown in FIG. 10, tray 78 fits over a PTFE block 102. which supports a set of glass 
capillary tubes 104. The upper ends 106 of the capillary tubes are flush with the upper surfece 
1 08 of the block, and arranged in a pattern corresponding to the pattern of adhesive droplets on the 
tray in FIG. 7. The upper ends of the set of capillaries are surrounded by a chemically resistant 

15 clastomeric seal 1 10, which contacts the tray 78 when it is placed over the block. 

The block 1 02 fits into a rectangular supporting frame 1 1 2, havmg a shelf 1 1 4 extending 
around its inner walls. The upper surface of the shelf is spaced from the low^r edge 1 16 of the 
frame by a distance greater than the distance by which the capillary tubes project below the lower 
face of block 102. Thus, when the block is received in the frame, the capillanes are protected 

20 from damage. 

As shown in FIG. 1 1 , tiie upper ends of the capillary tubes 1 04 arc tlarcd so that the>' are 
retained in block 102, and also to allow some tolerance in the alignment of the beads (e.g. 84 and 
86) with the capillary tubes. The lower ends of the capillary tubes have small openings 1 1 8. w hich 
are smaller than the beads. 

25 The assembly comprising block 102, tray 78 and finame 1 16 is placed on a hokler 120 of a 

vacuum centrifuge, the holder being pivotally supported by trunnions, one of which is seen at 122. 
Preferably otfier similar assemblies are simultaneously placed on other holders in the centrifuge for 
balance. Operation of the centrifuge causes the adhesive droplets to evaporate, and the beads to 
move the lower ends of the capillary tubes. No solvent is needed to remove the beads from the 

30 tray, and consequently it is rVot necessary for the Uay to be porous. Removal of the beads from the 
adhesive droplets can be accomplished in mmutes by applying a high vacuiim at an elevated 
temperature (e.g. 65° C). Under these conditions in a centrifiige, the beads can be transferred 
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dinxtly into ihc capillan tubes. It is, of course, possible to effect removal of the beads from the 
adhesive droplets by using a solvent in which case a tiay having a porous floor may be used 

As shonti in FIG. 1 2, the block 1 02, with its capillary tubes each containing a bead is 
placed on a uell plate 1 24 so that the lowr ends of the capillary tubes are immersed in reagent in 
the wells 126. The well plate is also shown in FIG. 10, The downwardly extending parts of die 
walls of frame 1 16 serve to align the block with the well plate so that the capillary lubes enter the 
weils. Reagent enters the capillaries dirough their openings 1 1 8 for contact with the beads. 

While, for cleaving of compounds from the beads, it is not ordinarily necessary to seal the 
capillaries, in the case of synthesis of compounds on the beads, seals may be provided to isolate the 
reactions from one another. -Dius. as shown in FIG, 12, an dastomcric sheet 128 is provided 
between the underside of the block and the upper surface of the well plate. The sheet 1 28 is 
preferably a chemically resistant fluoroelasiomer such as the matenal available under the 
trademark VTTON. The sheet 1 28 rs provided with perforations which are penetrated by the 
capillary tubes as the>' enter the wells The edges ofthe perforations engage the capillary tubes 
and provide a seal preventing liquids and vapors from each well from entering adjacent wells. At 
the upper surface ofthe block 102, a VITON gasket 130 is provided underneath a glass plaie 132. 
which also engages seal 1 10. The gasket and glass plate isolate the upper ends of the capillan 
tubes from one another. The assembly can be heatci w4iere desirable, depending on die nature of 
the reactions taking place. Ports (not shown) can be provided in the class plate 1 32 for the 
introduaion of gases or an inen atmosphere. 

In die case of cleaving of compounds, the isolation ofthe wells and capillary tubes is 
normally unnecessar>-. and thus die glass plate and VTTON sheets can be omined.ed between the 
block 102 and die well plate 124, as shown in FIG, 10. 

When using droplets of adhesive to capture single beads, the droplets arc typically in the 
range of I -2 nanoliters so that die diameter of each adhesive droplet is less dian die diameter of a 
bead. Thus, only one bead is captured at any given location widun die array . If more dian one 
bead is desired at an array position, die volume of die dispensed adhesive can be increased. 

FIGs. 1 3 and 14 shown an altemauve fomi of mask in which a stainless steel floor 136. 
having a pattern of apertures 1 38. has a side wall 140 extending perpendicularly from one face and 
adapted to fit over block 102 (FIG. 10) in such a Avay as to align die apertures 1 38 widi die 
openings at die upper ends of die capillary tubes. On die odier side of die floor a wall 142 is 
provided to receive a porous adhesivencoated sheet, and to retain a solvent, e.g. a mixture 
consisting of 50% medianol and 50% water, for releasing beads from di^ 
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As will be apparent from the above description, the invention allo^vs beads to be deposited 
rapidly and reliably in a desired geometric array. It is simple, inexpensive and easy to use, 
especially in comparison to prior techniques, which were generally more complex, slower and less 
reliable. The invention allow's compounds to be sxnthesized in an array fomiat and released for 
5 evaluarioa tiius it has the capability to accommodate cidier split-synthesis protocols with bulk 
beads, or directed arrays of compounds with known synthetic histories. 

Various modifications can be made to the apparanis and process described. 

For example, although a porous nitrocellulose film is preferred other materials, such as 
PTPE (pol>tctrafluoroethylenc), porous nylon and PVDF (polyvinylidcnc difluoridc) films may be 
10 used. 

.Although a porous nitrocellulose film minimally saftjratcd Avith ethylene glycol is 
prefened. it is possible to provide the adhesive in a discrete lay-er on a porous or non^rous film. 

Various alternative adhcsives, such as DMSO and glycerol, may be used although 
glycerol is somewhat less satisfactory because it is deliquescent. 
1 5 Instead of using cleavage reagents such as trifluoroacetic acid, triethylaminc or hydrazine. 

aitemati\ c methods such as photo cleavage can be used to remove the compounds of interest from 
the beads 

In carrving out the arraying process, it is possible to release the beads from the adhesive 
layer or droplets by appKing the solvent directly to the side of the surface to which the beads are 

20 attached This may be done by placing the surface, with the beads anached to it. against the top 
surfece of a well plate in which the wells contain the solvent, and then invening the well plate and 
film together so that the solvent can contact the adhesive and thereby release the beads. In another 
modi£cauon. where it is desired to deposit multiple beads at each location in the array, the 
apertures in the mask can be of a size such that each one acconrunodatcs a predetennined number 

25 of beads, greater than one. abreast. The apertures can be of various shapes other than circular, for 
example oval. 

Whereas the embodunents described herein utilize planar bead attachment surfaces, it is 
possible to use non-planar surfaces such as cyiindricaJ masks. For example, acylindrical surface 
fomned n:o a rotating daun will lend itself to contuiuous, automated operation It is also possible 
30 to compartmentalize the surface by partitions so that different sublibranes can be located in 
discrete areas of the arrav. 

In a further modificatiot) of the invention, the mask can be provided with apertures of a 
size less than that of the smallest bead to be arrayed, and attached to a plenum chamber on which a 
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vacuum is drauii to imp the beads against the apoturcs by air pressure. The apertures can be 
tapered so that the smaJiest diameter of the apemirc is smaller than that of the smallest bead, and 
the entrance is larger than tlic largest bead. Using this technique, a range of bead sizes can be 
accommodated. Beads are deposited into receptacles by releasing the vacuum, thereby equaliang 
the pressure on both sides of the mask. 

Still other modifications can be made to the apparatus and process described without 
dcpartuig from the scope of the invention as defined in the following claims. 
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Claims 

Whar is claimed is: 

1 . A process for arraying beads for bead-based combinatorial libraries which 
comprises: 

establishing a bead-receiving surface comprising a pattern of discrete bead attachment 
areas, each bead attachment area being capable of holding a limited number of beads of uniform 
size, and an area, from which beads are free to separate, spacing the discrete bead attachment areas 
from one another, the limited number of beads for each bead attachment area being the same as 
that for ever>' other bead artachmcni area in the pattern; 

placing a mLxiure of beads of unifonn size onto the surface: 

causing a predetermined number of beads from the mixture to atuch to each of the 
discrete bead attachment areas: 

removing from the surface beads which are not attached to the discrete bead attachment 
areas; and 

thereafter releasing the attached beads from the discrete bead attachn>ent areas and 
depositing them in an array. 

2. A process according to claim 1 in which each bead attachment area is of a size 
such Lhat the number of beads which attach to it is limited to one, 

3 . A process according to claim I in which each discrete bead anachmcnt area is 
exposed through an aperture in a mask, and in w'hich the area from which the beads are free to 
separate is a surface of the nusk. 

4 A process according to claim I in which each discrete bead attachment area is an 
area of adhesive, and in which the area firom which the beads are free to separate is a substantially 
adhesive-free area. 

5. A process according to claim 1 in which each discrate bead attachment area is an 
area of adhesive, in which the area from which the beads are free to separate is a substantialK 
adhesive-free area, and in which the pattern of discrete bead attachment areas is established b> 
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exposing discrete areas of a continuous adhesive layer through a pattern of apertures in a mask, 
the substantially adhesive-free area being a surface of the mask. 

6. A process accofdji^ to claim I in vvhich the step of establishing a bead-^ 
surface is carried out by applying adhesive droplets to a substrate in a panem 

droplet in the pattern constituting one of the bead attachment areas. 

7. A process according to claim 1 in which each discrete bead attachment area is an 
area of adhesive on a porous substrate, and in which the step of releasing the attached beads is 
earned out by washii^ the porous substrate with a solvent and thereby dissolvuig the bead 
attachment areas. 

8 The process according to claim I in which the step of releasing the attached beads 
is preceded by the step of aligning the attached beads with receptacles in an array of receptacles 
corresponding to the paoem of bead attachment areas, and the dcpositmg step is earned out b> 
depositing the beads into the receptacles with which they arc aligned. 

9. The process according to claim i in which the step of releasing the attached beads 
IS preceded by the steps of aligning the attached beads with receptacles m an array of receptacles 
corresponding to the panem of bead attachment areas, the depositing step is earned out by cashing 
the beads into die receptacles with which they arc aligned, and the depositing step is followed by 
the step of cleaving a compound from each bead by means of a reagent, while the beads remain in 
the receptacles. 

10. The process according to claim 1 in which the step of releasing the attached beads 
is preceded by the steps of aligning the attached beads with capillaries in an array of capiilanes 
concsponding to the pattern of bead attachment areas, the depositing step is earned out by washing 
the beads into the capiilanes with which dicy arc aligned, and the depositing step is followed by the 
step ot introducmg the capillaries, containuig beads, into vveils each containing a reagent, and 
cleaving compounds from the beads by means of the reagents in the wvlls. \shile the beads remain 
in the capillaries. 
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1 1 . The process according to claim 1 in which the step of causing a predctemuned 
number of beads from ihc mixture to attach to each of the discrete bead attachment areas is carried 
out by agitation of the beads. 

1 2. The process according to claim I in which the depositing step is followed by the 
steps of washing the beads and cleaving compounds from the beads. 

13. The process according to claim 1 in which the depositing step is followed by the 
steps of washing the beads and cleaving compounds from the beads, and fiirther comprising the 
step of testing the cleaved compounds for pharmaceutical activity. 

14. A chemical compound identified as having pharmaceutical activity by the process 
ofclaim 13. . 

15. A process for ssoithesizing arrays of chemical compounds which comprises: 
establishing a bead-receiving surface comprising a pattern of discrete bead attachment 

areas, each bead attachment area being capable of holding a limited number of beads of uniform 
size, and an area, from which beads are free to separate, spacing the discrete bead attachment areas 
from one another, the limited number of beads for each bead attachment area being the same as 
that for every other bead attachment area in the pattern; 

placing a mixture of beads of unifomi size onto tlie surface: 
causing a predetermined number of beads from the mixture to attach to each of the 
discrete bead attachment areas; 

removing from the surfece beads which are not attached to the discrete bead attachment 

areas; 

aligning the attached beads with capillaries in an array of capillaries corresponding to the 
pattern of bead attachment areas: 

releasing the attached beads from the discrete bead attachment areas and depositing them 
into the array of capillaries: and 

inuoducing the array of capillaries into wells containing reagents for desired s\Tithetic 
sti^ and carrying out syntheses on the beads while the beads are in the capillaries 
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16. The process according to claim 15 in which the step of cairying out syntheses on 
the beads is followed by washing the beads in the capillaries to remove unbound reagents, and 
cleaving synthesized compounds. 

1 7. Apparatus for arraying bead-based combinatorial libraries comprising: 

a mask having parallel first and second faces and an anay of apertures, each apciture 
extending from the first face to the second face, the apertures being of a uniform size such that 
the number of beads that can be located abreast in each aperture is limited to a predetermined 
number; 

a substrate having a face with a layer of adhesive on the face, the layer of adhesive being 
situated against the second face of the mask and covering openings of the apertures in the second 
face, whereby a predetennincd number of beads in each apenure can be deposited ontb. and 
adhere to. the adhesive layer. 

1 8. Apparatus according to claim 1 7 in which the mask constitutes at least part of 
the floor of a tray. 

19. Apparatus according to claim 1 7 in which the substrate is removable from the 
second face of the mask. 



20. Apparatus according to claim 1 7 in which each of the apenures has a first 
opening with a circular edge on the fint face of the mask and a second opening with a circular 
edge on the second face of the mask, and in which the edges of the first and second openings are 
fiush with the first and second faces of the mask respectively. 

21. Apparatus according to claim 17 in which the substrate iji a porous sheet. 

22. Apparatus according to claim 17 in which the substrate is a sheet of 
nitrocellulose and the adhesive is ethylene glycol. 
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23. Apparatus according to claim 1 7 including means providing an array of 
receptacles and nrieans attached to mask for holding the mask in a fixed relationship with the 
array of receptacles, whereby beads deposited through the apertures of the mask onto the 
adhesive layer of the substrate can be readily aligned with the receptacles. 
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